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Abstract
Nucleate boiling is a highly effective means of transferring heat, and as space exploration begins to reach farther from Earth, efficient heat management systems in
microgravity are becoming increasingly important. In the summer of 2010, members of the USU Get Away Special (GAS) team flew aboard NASA’s Weightless Wonder in order
to study the effect of various system parameters on nucleate boiling heat transfer behavior in microgravity. This one dimensional study of boiling used a new geometry never
tried before and concluded that heat transfer rates during boiling in microgravity do not significantly differ from those observed on Earth. These results will allow for a more
in depth study of the phenomenon and hopefully lead to the development of a two dimensional heater with important practical applications.

NASA's Reduced Gravity Program
Background
Boiling is an important method of transferring heat. On Earth, it is used
for a wide variety of applications – from cooking to power generation
and electronics cooling. A more fundamental understanding of boiling
can help to improve these applications on Earth and make them
available for use during space flight.
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The experiment consisted of 30 self-contained fluid chambers
(Figures 6 and 7) containing all the instrumentation needed
to measure wire temperatures, water temperatures, power
dissipated by the wire, and a three dimensional view of
bubble dynamics via two perpendicular cameras. These
identical cells allowed the experimenters to compare the
effects of varying power dissipation and wire geometries
between all the chambers.

Wire temperatures showed a significant amount of super-heating
in microgravity before boiling began (Figure 12). This indicates
extremely inefficient heat dissipation. The inefficiency was due to
the lack of gravity driving natural convection. This was expected.
After boiling began the amount of heat dissipated was surprisingly
close to that observed on Earth (Figure 13).
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Every year, NASA provides an opportunity for 14 teams from
various universities to test microgravity experiments on board
Zero G Corporation's microgravity simulating aircraft. This
modified Boeing 727 flies over 30 parabolic arcs (Figure 3) in
order to provide up to 30 second of ~0.01 g's. Utah State's
selection for this program was awarded after a successful
proposal submission and allowed the team to compete with
schools like Yale and Purdue.

Experiment Methodology/Results

c)

Figure 12 – Effect of geometry on surface temperature
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Figure 6 – Fluid chamber

b)
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Figure 3 – Parabolic flight path of plane. Source: The Zero Gravity Corporation
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Figure 1 - Efficiency of heat transfer vs excess temperature
showing four common modes of convection. Courtesy of
Incropera.

Figure 2 – Burnout caused by failure of bubble to
depart. Photo courtesy of Fukada

After extensive fundraising, outreach efforts, project designing,
building, and testing, five members of the Get Away Special
Team had an opportunity to test FUNBOE during two successive
flight days (Figures 4 and 5).

Figure 1 shows the four major regions of boiling. The region of interest
for this project is nucleate boiling (highlighted in yellow), which is
characterized by bubbles forming on a surface and departing from it.
When we boil water on the stove during the nucleate boiling regime, we
see bubbles form on the bottom of the pot and eventually rise to the
top because the vapor is less dense than the liquid water. Here, gravity
is the driving force.
What happens to these bubbles if there is no buoyant force due to
gravity? There are two answers to this question. In some cases, one
bubble forms on the heating element (Figure 2a). The lack of buoyancy
causes the bubble to stay (Figure 2b), inhibiting heat transfer through
the gaseous water around the wire, causing the heater to burn out
(Figure 2c). Alternately, only small bubbles will form and depart quickly
from the heater. This experiment studied how system parameters such
as surface geometry and heat flux effect bubble behavior in
microgravity.
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Figure 7 – Camera view of chamber

Although technical difficulties prevented the team from
testing all the chambers, the quality of data captured (Figure
10) from the 18 successfully operated chambers allowed
members of the GAS team to produce amazing results.
In order to determine the effects of surface geometry on
boiling, we used three different geometries. The single wire
has been used in many similar experiments throughout the
world. Our single wire results seem to compare with these
results in many regards (Figure 8). We did, however, boil
water with two novel geometries using three or four wires
twisted together (Figure 9).

Figure 13 – Efficiency of heat transfer (1-g vs 0-g)

Power levels were also found to effect the dynamics of boiling. As
power dissipated increased, the bubbles formed by boiling
decreased slowly in size (Figure 11). Eventually individual bubbles
stopped being formed and jets of tiny bubbles formed. This
behavior was quantified by an image processing program
developed to track the change in bubble area for the entire
system between frames of video (Figure 14).

Figure 14 – Effect of power level on relative size of bubbles
Figure 4 – Flight day 1

Figure 5 – Flight day 2

FUNBOE 2.0

Building on the success of FUNBOE, the GAS team has secured
their spot on the Zero G plane for FUNBOE 2.0 in June 2011.

GAS Team Outreach Efforts
As part of the FUNBOE project, the GAS team was involved in a
massive K-12 outreach program. Highlights include:
• USU Physics Day at Lagoon – reaching over 7,000 6th-12th
grade students
• Clark Planetarium – reaching over 600 members of the public
• Classroom visits reaching more than 650 students in K-12
This program continues during the 2010-2011 academic school
year, with the team having already reached over 60% of their
2,000 student goal.
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Figure 8 – Boiling with single wire

Figure 9 – Wire geometries used in experiment

The three wire twist significantly increased the size and
number of bubbles seen (Figure 10). The single wire and four
wire geometries had surprisingly similar boiling qualities.
They displayed smaller bubbles that departed more
frequently. They were also more apt at forming jets of tiny
bubbles.
These jets seemed to dissipate heat more
efficiently than single bubbles. Single, four, and three wire
geometries began boiling at successively lower heat fluxes.
Single

3-wire

4-wire

Figure 10 – Wire geometry effects
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Figure 11 – Power level effects

With the success of FUNBOE, the GAS team is in the process of
building a follow-up experiment to further explore the effect of
nucleate boiling’s fundamental parameters on heat transfer
behavior in microgravity.
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Figure 15 – Microheater array on chip

Figure 16 – Seed bubble on microheater

Of special interest in this follow-up study is an innovative design of
using heaters to cool. An array of microheaters (Figure 15) would
serve as seed bubble generators (Figure 16) that would a take low
amount of power to generate and allow heat to be rejected from
the component of interest as the bubble continues to grow. This
concept better could serve as a highly effective means to have
lower surface temperatures and smaller, more efficient heat
transfer systems.

